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1	Introduction
RAN1 sent the LS [1] to RAN4 where many combinations were listed:

	The following combinations of the physical channels and the reference signals that can be transmitted by the UE on different OFDM symbols in the same slot with different transmit power:
· PUSCH+PUSCH
· SRS+SRS
· PUCCH+PUCCH
· PUSCH+SRS
· PUSCH+PUCCH
· PUSCH+PRACH
· SRS+PUSCH
· SRS+PUCCH
· SRS+PRACH
· PUCCH+PUSCH
· PUCCH+SRS
· PUCCH+PRACH
· PUSCH+PUCCH+PUCCH
· PUSCH+SRS+PUCCH

The following combinations of the physical channels and the reference signals that can be transmitted by the UE on two consecutive slots with different transmit power and the PUSCH DMRS occupies the first OFDM symbol:
· PUSCH+PUSCH
· PUCCH+PUSCH
· SRS+PUSCH

For each combination different physical channels or reference signals may have different durations in the same slot.
· PUSCH: 2/4/5/6/7/8/9/10/11/12/13/14 symbols
· SRS: 1/2/3/4/5/6 symbols
· PUCCH: 1/2/4/5/6/7/8/9/10/11/12/13/14 symbols
· PRACH: 2/4/6/12 symbols

The transmission priority may be different depending on the channel, content that physical channel is carrying and reference signal. The list above might not be completed.



The combinations in the LS generate huge set of use cases and the list is not even complete set. 
There was a WF [2] suggesting that RAN4 collects further input and investigate on major use cases. The followings were shared by email reflector.
	- PUSCH + PUSCH
- short PUSCH + PUSCH / [PUSCH + short PUSCH]
- short PUSCH + short  PUSCH ==> only for FR2
- PUSCH + Long PUCCH / Long PUCCH + PUSCH
- short PUSCH + Long PUCCH / [Long PUCCH + short PUSCH]
- Short PUCCH + PUSCH / PUSCH + Short PUCCH
- Long PUCCH + Long PUCCH  => only for FR1
- Short PUCCH + Long PUCCH / [Long PUCCH + Short PUCCH]
- [SRS + PUSCH or PUCCH   / PUSCH or PUCCH + SRS]
- [PUSCH or Long PUCCH + PRACH]
- [SRS + RACH / RACH + SRS]



2	Discussion
As mentioned in the LS, the set of combination in the list is quite huge and totally different from LTE. We believe RAN4 cannot define power transition masks for each of combinations. To resolve this situation, we proposed a rule based on priority [3] in RAN4#86Bis.

In this paper, we extend the level of priorities so that the proposal could address all major use cases as much as possible. A priorities-based approach is more error-resilient as it covers all transitions automatically, while defining each transition by separate masks would cause possibly unpredictable masks, and excessive verification complexity.

Observation 1: A priorities-based approach is more robust as it cover all transitions automatically, while defining each transition mask separately would cause possibly unpredictable masks, and excessive verification complexity.


The following symbols were considered for deciding priority order:

DMRS(PUSCH)
DMRS is being used for BS to decode PUSCH signal and it should have the best quality as much as possible. Thus, DMRS should be protected over any other symbol to guarantee demodulation performance.

Short PUCCH
Short PUCCH is delivering ACK/NACK for downlink and not robust. Thus it should be placed closer to the highest priority.
 
SRS & PRACH
PRACH is the random access channel and it is important to support UE connection at initial access. At the same time, SRS is being used to evaluate UL channel quality and it is also important. In the proposal, we set the same priority for both SRS and PRACH.

Proposal 1: It is suggested to adopt the following priority order –
DMRS(PUSCH) > short PUCCH >  SRS == PRACH > other PUSCH/PUCCH,
where DMRS(PUSCH) is the highest priority.




For 15 kHz and 30 kHz SCS in FR1, and 60 kHz SCS in FR2:
· Between signals with the same priority having no symbol gap or RX symbol in between, power transition will be shared across the symbols having differing power levels
· Between signals with different priority, transition will be fully absorbed in the lower priority transmission


Figure 1. Power transition mask with priority-based approach (15 kHz and 30 kHz SCS for FR1; 60 kHz SCS for FR2 only)


For 60 kHz SCS in FR1, and 120 kHz SCS in FR2:
· Two consecutive power change between symbols will not be configured for 60 kHz for FR1 and 120 kHz for FR2, independent of the priority level or symbol type.


Figure 2. Power transition mask with priority-based approach (60 kHz for FR1; 120 kHz for FR2)


The transition period is 10 µs for FR1 and 5 µs for FR2.


Each symbol could have different duration in the same slot. It should be noted that there is no solid definition from RAN1 specification perspective regarding short/long symbol, and mini-slot except short PUCCH where only 1- or 2-symbol is being considered. Therefore, use case discussion including short PUSCH or mini-slot is not clear at all. From that point of view, it is more useful to discuss based on number of symbols rather than short PUSCH/SRS or mini-slot.

Observation 2: There is no formal definition on short channel/signal, i.e. PUSCH/SRS, or mini-slot, from RAN1 specification perspective.

Observation 3: It is more useful to discuss based on number of symbols rather than short PUSCH/SRS or mini-slot.


In the LS, channel or signal could be different number of symbols. A shorter length of channel/signal has larger impact than a longer length of channel/signal for the same power transition. Thus, how to protect channel/signal for different number of symbols needs to be considered.
Observation 4: A shorter length of channel/signal has larger impact than a longer length of channel/signal for the same power transition.


To address this situation, we set another principal where shorter symbol will be protected over longer symbol, no matter what the priority is.

Proposal 2: A shorter length of symbol duration in a given channel/signal will be protected over a longer symbol in the other given channel/signal, no matter what the priority is.


For example, it is possible combination where lower priority with shorter length of symbol and higher priority with longer length of symbol. If the case, we think shorter length symbol with lower priority should be protected over longer length of symbol with higher priority. Figure 3 shows an illustrative diagram of power transition for this case.




Figure 3. Illustrative diagram of power transition to protect shorter length of symbol duration over longer symbol.


Combining proposal 1 and 2, a shorter length of symbol will be protected over longer length of symbol. For the same length of symbols, higher priority symbol will be protected over the lower priority symbol.

Proposal 3: A shorter length of symbol will be protected over longer length of symbol. For the same length of symbols, higher priority symbol will be protected over the lower priority symbol.
3	Conclusions
In this paper, we made the following observations and proposals:

Observation 1: A priorities-based approach is more robust as it cover all transitions automatically, while defining each transition mask separately would cause possibly unpredictable masks, and excessive verification complexity.

Observation 2: There is no formal definition on short channel/signal, i.e. PUSCH/SRS, or mini-slot, from RAN1 specification perspective.

Observation 3: It is more useful to discuss based on number of symbols rather than short PUSCH/SRS or mini-slot.

Observation 4: A shorter length of channel/signal has larger impact than a longer length of channel/signal for the same power transition.

Proposal 1: It is suggested to adopt the following priority order –
DMRS(PUSCH) > short PUCCH >  SRS == PRACH > other PUSCH/PUCCH,
where DMRS(PUSCH) is the highest priority.

Proposal 2: A shorter length of symbol duration in a given channel/signal will be protected over a longer symbol in the other given channel/signal, no matter what the priority is.

Proposal 3: A shorter length of symbol will be protected over longer length of symbol. For the same length of symbols, higher priority symbol will be protected over the lower priority symbol.
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